INTRODUCTION {#s1}
============

Exercise training that includes aerobic and resistance exercises, is recommended to increase the exercise capacity of patients, following lung resection for non-small cell lung cancer (NSCLC)[@r1]^)^. Previous studies evaluated the six-minute walk distance (6MWD) as an index of exercise capacity in this population[@r1],[@r2],[@r3]^)^; however, Santana et al.[@r4]^)^ reported that there was no correlation between changes in the 6MWD and VO~2~ peak after the training period in healthy elderly men. Therefore, it is unclear whether the six-minute walk test (6MWT) can detect changes in cardiorespiratory fitness, including a reduction in exercise capacity after lung resection.

The stair-climbing test is one of the most frequently used low-technology exercise tests in the preoperative evaluation of lung resection candidates[@r5]^)^. Before lung resection, associations have been observed between the altitude and the VO~2~ peak, measured during the stair-climbing test[@r6]^)^. However, to our best knowledge, the stair-climbing test has not been used to evaluate improvement in exercise capacity after lung resection. In addition, the difference between changes in the stair-climbing test and in the 6MWD after lung resection remains unclear. Therefore, the aim of this study was to compare the stair-climbing test and the 6MWT after lung resection surgery.

SUBJECTS AND METHODS {#s2}
====================

Fourteen patients undergoing lung resection using video-assisted thoracoscopic surgery lobectomy (VATS) for NSCLC from March 2013 through February 2014 were enrolled in the study after giving informed consent. This study protocol was approved by the Ethics Committee of the Kansai Electric Power Hospital (No. 2639). Patients completed the stair-climbing test and 6MWT preoperatively and one month postoperatively. The percentage change in the postoperative values in the stair-climbing test and the 6MWT was calculated as follows: the percentage change in postoperative value = postoperative value / preoperative value × 100 (%).

The stair-climbing test was performed as a symptom-limited exercise test[@r7]^)^. Patients were instructed to climb the maximum number of steps at a pace of their own choice, and to stop only in case of exhaustion, limiting dyspnea, leg fatigue or chest pain. A physiotherapist accompanied the patients to monitor the development of any symptom; in addition, the patients were continuously monitored using a pulse oximeter. Heart rate, blood pressure, and respiratory rate were measured before and immediately after completion of the tests. Each test was performed on a staircase located in the hospital, which was easily accessible in case of severe complications requiring advanced care management. The staircase was composed of 36 flights of stairs; each flight comprised 20--31 steps of 0.18--0.19 m height each. The altitude climbed (number of steps multiplied by the height of each step) were recorded for each patient[@r8]^)^.

The 6MWT was performed once on the same day as the stair-climbing test based on The American Thoracic Society guideline for 6MWT[@r9]^)^. A physiotherapist accompanied the patients, who were continuously monitored using a pulse oximeter. Heart rate, blood pressure, and respiratory rate were also measured before and immediately after completion of the tests. The 6MWD was recorded for each patient; the 6MWT was performed before the stair-climbing test in a nonrandomized order[@r10]^)^.

Postoperative respiratory treatment consisted of daily chest physiotherapy administered by physiotherapists, an early mobilization, endurance training and incentive spirometer for all patients. All data were expressed as the mean ± SD. The paired t-tests were used to determine the significance of changes in the altitude reached at the stair-climbing test and in the 6MWD before and after VATS. The percentage change in postoperative value and heart rate after test-completion were analyzed using the unpaired t-test. Differences with p values of p\<0.05 were considered significant.

RESULTS {#s3}
=======

The mean age of the patients in the study was 70.1 ± 9.1 years and seven of fourteen patients were female. The mean body mass index was 21.2 ± 2.4 kg/m^2^. The mean preoperative forced vital capacity of the predicted value was 106.2 ±13.1%; and the mean preoperative forced expiratory volume in one second was 2.03 ± 0.67 l.

The altitude reached in the stair-climbing test was a significantly reduced at one month postoperatively, as compared to preoperatively (26.3 ± 12.7 m vs. 18.2 ± 9.4 m; p\<0.05, [Table 1](#tbl_001){ref-type="table"}Table 1.Changes in perioperative valuesPreoperative valuePostoperative valueAltitude (m)26.3 ± 12.718.2 ± 9.4\*6MWD (m)496.2 ± 61.5468.9 ± 71.4Altitude: altitude reached in stair-climbing test; 6MWD: 6-min walk distance. Values are means ± SEM. \*p\<0.05: compared with preoperative value). However, the difference between the preoperative and postoperative 6MWD value was not significant (496.2 ± 61.5 m vs. 468.9 ± 71.4 m, [Table 1](#tbl_001){ref-type="table"}). Additionally, the percentage change in the postoperative altitude reached at the stair-climbing test was significantly lower than the percentage change in the postoperative 6MWD value (71.4 ± 12.9% vs. 95.0 ± 18.1%; p\<0.05). The heart rates after the stair-climbing test were significant higher than after 6MWT, both preoperatively (120.1 ± 25.6 bpm vs. 96.4 ± 18.3 bpm; p\<0.05) and postoperatively (121.5 ± 23.0 bpm vs. 104.1 ± 20.1 bpm; p\<0.05).

DISCUSSION {#s4}
==========

Lung resection causes the lung volume to decrease, thereby reducing the ventilation volume and size of the pulmonary vascular bed. These changes can lead to a postoperative reduction of exercise capacity[@r11]^)^. Nagamatsu et al.[@r12]^)^ have reported that maximum oxygen uptake per minute per square meter of body surface area decreased significantly to 80.3% of the baseline value one month after lung resection. The present analysis indicated that there was a significant deterioration to 71.4% of the baseline value in the stair-climbing test after lung resection; whereas, a significant change in 6MWD was not observed. These results confirmed that changes in exercise capacity could be detected based on changes in the stair-climbing test, and not the 6MWT.

The mean 6MWD was 496.2 ± 61.5 m preoperatively and 468.9 ± 71.4 m at one month postoperatively, corroborating previously data[@r3]^)^. Roul et al.[@r13]^)^ suggested that in cases of 6MWD \<300 m, there was a significant correlation between the 6MWD and the VO~2~ peak. In our study, none of the patients walked \<300 m before and after VATS. Following lung resection, the 6MWT is likely to measure patients' daily activity levels rather than the true maximal capacity. Therefore, this could explain why the 6MWT was not able to detect a reduction in exercise capacity after lung resection.

The heart rate after the stair-climbing test was significantly higher than after the 6MWT, both preoperatively and postoperatively. Corroborating this result, another study has shown that the ventilation as well as the oxygen consumption during stair climbing is significantly greater than while walking[@r14]^)^. Thus, exercise intensity in the stair-climbing test could be higher than in 6MWT, which might lead to differences in the percentage change in both two low-technology exercise tests after lung resection.

In conclusion, the results indicated that the stair-climbing test, as compared to the 6MWT, is more sensitive at detecting changes in cardiorespiratory fitness induced by lung resection.
